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:'- Oriented el.istomeric film and method of manufacture. 

~J ■*-'■ ^* ••. : ":c-.: thermoplastic elastomer comprising an olasto- 
mo.'. £v-« ?"c s-rcess ot! is oreoa.-ed bv stretch arroniing the 
film 3t a^ t^iceraiuro a-.-i jr.n-nling the :Vm to frec; o 

m sires ses anc s:-'a:ns ir. the film, in one embodiment, the t!ir. r - 
nc:!p"'C •"'?.«:*.-.—■"' rvovicJed win a thin coating of a ther- 
moplastic ;? 7<c\'.<iQ nonlocking. 
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1 ^pnro" 1 Elastcreric Film and Vgthod of Manufacture 

2 This invention relates generally to the thermop] as ;i .: -/:;st"- 

3 mers and in particular, to the thermoplastic elastomer? ■■:;-.>:• 

4 been thermally oriented. 

5 Thermoplastic elastomers possess properties of both r--.-;« 

6 plastics and elastomers and have a wide range of appl*ic?.tio ... - ..r. 

7 certain applications, a thermoplastic elastomer film is dim?-^ 0 n; 

8 stabilized in a stretched condition (wherein stresses and : .- 

9 the film have been frozen in) for subsequent use. For example,- the 

10 stretched thermoplastic elastomer may be applied to a substraLe ano 

11 later heated causing the thermoplastic elastomer to shrir.:* /.no ret:; in 

12 substantial elastic properties. One such use is disclose'"' Z'.'r^u.^ 

13 Patent Application No. 84301717.9 (Publication Number OllSo..,) wherei/i 

14 the stretched dimensionally stable thermoplastic elastomer is c-Tacsd 

15 on a diaper waistband and reheated causing the thermoplastic el^tcmsr 

16 to contract and revert to a heat stable elastic state. The diaper 

17 thus, is provided with a flexible and stretchable waistband. A 

18 similar application of thermoplastic elastomers is -vis-closed in 

19 European . Patent Application No. S4301720.3S(Pub1icatic;: Number 

20 0119827). These publications are cited merely to disclose :> possible 

21 use of thermoplastic elastomers. 

22 In many applications, particularly where the thermoplastic 

23 elastomer is secured to a substrate for later contrac -cioo by the 

24 application of heat, it is important that the thermoplastic elastomer 
11 have relatively high shrink force since the substrate resists shrink- 

26 age. The shrink force is determined by measuring the shrinkage of the 

27 film sample against an applied force and is referred to here**'! as 

25 weighted shrink. The weighted shrink properties differ markedly 'ro.r. 
23 free shrinkage (no applied weight) and hence is a key property 

20 determining the suitability of a heaL shrinkable film on substrates. 

31 U.S. Patent 4,303,571, issued to D. S. Jansen et al c>;:o^ 

32 a thermoplastic elastomer film comprising 25 to 55 parts by we-ig^t 

33 an ethylene-propylene copolymer, 35 to 55 pcrts by weight of ^ "va 

34 copolymer and 15 to 25 parts by weight of a liquid hydrocarbon pre.:-*.: 

35 oil. 
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As will be demonstrated in the :! : sr.:;- 
cx^ples contained herein, tno el :Stop«r :c f ! . 
';:jn disclosed in M.S. Patent No. M, 303.57i 
ihr-ink Dropcrties, but not ne.z^y -v; -jood 
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shrink force 



composition of the Dressnt i 
weighted shrink properties. 

A problem ?ssociated with thorr/opV: " ' t 
ness whv:h i~pooes unwinding of the film during p-vce:-. 
particularly serious problem with f-l.Ti cc~.pcs~. . ' * :: 
processing c!1. Moreover, addition of particul^t* vO 
;? irtic-j 1 r:r ,! y effective in thermoplastic elast.—- 
u ; ;f ic*:*; V *:n dispersing the additives unifo—*— ■"■ 
>*;r.ee the additives tend to concentrate in th 
S UMMARY OF THE INVENTION 

The present invention provides an ."" 
and process for manufacturing which exhibit-? o;- ce 1 
and possesses nonblocking properties. 

The film composition in one embodiment ov the pr.::?-t -Inven- 
tion comprises from 10 to 40 weight percent of an olefinic 5lastorr.tr, 
not more than 12 weight percent (preferably not more than 13 weight 
percent) of a normal liquid processing oil, and from 50 to SO weight 
percent of a thermoplastic ethylene copolymer, ortfiri^:;: "ir.y: -ce- 
tate copolymer (EVA), all weight percents based v-; -io^ ; :he 
three component composition. The film is dimensional ly stable a 
stretched condition (draw ratio of 1.3:1 to 6:1) and is cc:-tr °:le 
to a thermally stable and elastic condition by the application of 

heat. 

The method for preparing the thermoplastic elastomer firr 
comprises stretching the film at a temperature below the melting point 
of the EVA component at a draw ratio between about 1.3:1 and. 6:1, 
annealing the stretched film, and cooling of the film to ambient 
temperature. The film may be used by securing it to a substrate such 
as a inelastic thermoplastic or fabric, and heating the film to an 
elevated temperature whereby the film contracts v.-: ■" .-**-r : .--abie 
length and possesses elastic properties. rr.e cc-posiuc - = ---y be 
expanded by the application of tension which upon re"ie?so returns to 
its original shape. 
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In another embodiment of the invention, the film cr-pr^ : ;.. 
ccmoosite of one layer of a thermoplastic elastomer and -a thi.* 
of an ethylene polymer or copolymer having a relatively hi-:*. 
Index- Upc;: the so-hsecwer.t stretch orienting the coaposi . 
ccatinr cecc/res even thinner. The thermoplastic elastomer 
preveroC> the composition as defined above, p-.rt icu'^r'y : 
shrink force *s resired in addition to antiolcck --ropiv- "v.:- . 
coatinn :--eferably also contains particulate antiblcck adduces, 
avoiding the difficult problem of distributing antibloc^ ro^i-'-- ** 

or near the f i "m surface. 

The present invention contensp 1 czez ('!} an ijnpry*. :c 
oriented, di"ens iona 1 ly stable thermoplastic Easterner ' r ic 
3hr^n-:-;:;o uoor s application of heat, (2) a composite ."• "■- 
plastic elastomer and a substrate wherein the orientation has brer- 
released by the application of heat, (3) a method of -ir.r. -;h. 

orie-ted thermoplastic elastomer film, (4)- a method of manuf actucinc 
an elastic composite comprising a thermoplastic elastomer and .-: ;uh 
strate of inelastic material, (5) a thermoplastic alastorx-r r.-v.".- 
thin coating of a ncnblccking polymer and (5) a method c- r propari;.-; 
none locking thermoplastic elastomer. 
0 ES CSIPTION OF THE PREFERRED EMBODIMENTS 

In describing the present invention, it is ne"?ssary to use 
;^r:air technical terms > some of which are commonly u:;;.>o i- tr.o irdus- 
,rv -no others of which are defined herein to express a cor.cspt. 

In order to avoid confusion, the follovir.-s -t.-c hereir 

••h:ii .:ave the meaning indicated: 

i: Qrew ratio" - the ratio of the final stabilized length 
(after orientation and "snapback" ; of an oriented film and 
the init ial length of the f i ha before orientation. Draw 
ratio -.;« unidirectional orientation ir. also equal to the 
ratio of the thickness of the stabilized oriented film -/J 
the initial unoriented film. 

"Shrink fcroe ,: - the force required to prevent shrink;-- ^ : 

an oriented film by application of r.ect. 

"Shrink stress" - the shrink force- unit area ] > 

"Annealing" *• a heat treatment process for reducvx ■ 

and stresses f-et up in the film during orientate-':. 

p r cc e S 5 c r " r io r i s f .; S m j i n t a i r. i n r the f i ) m wh; 1 o in ..:*"■ 
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fclirw.-ed by cool in;; cne fin" to roc.", t •:*:'. 
■"h-:rr:??liiGtic e --ii- .cmer" - r&q-. or: C 1 •: 
plastics, are bier.d; cf a thorr.r-? 1 c: t i 
i-r that ire proc-ssable as a ^ 
but exhibit propc^tie'; jirr.jlar to 
room temperature. 

"Melt Index" (MI) - g/iO :"ir, (A5TX-0 ^.j- 
In -"ts broadest form, the thcTmonlast ic 
ion of thr present "invention comprises Li 
nlpfinir. Easterner, (2) ethylene copclym" 
: e s s oil. 

The concentrations of the three cc-pc'-* 



"nl lows: 



Cc.rponent 



Concentration 



10-40 


wt 
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50-80 


wt 
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60-f.O wt 




0-12 


wt 
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Olefinic Elastomer 
Ethylene Copolymer 
Process Oil 

The above concentration range may be cc'binec ir. 
sible combination, although the particular ccm.o::: re- 
ferred. For example, a preferred composition ' 
elastomer, 60-80 wt % ethylene copolymer, and 0-1* ? process C;!. 
The weight concentration of each component i3 L cn the total 
weight of the three main components. 

Elastomer Component: The olefinic elastomer component of the 
composition preferably comprises an ethylene copclv-er easterner, such 
as a copolymer of ethylene with higher alpha -olefin. Preferred ethy- 
lene elastomer copolymers include EFH (ASTH D-KiS-72a dwcnct.'c.i for 
an ethylene-propylene elastomer copolymer) or E?DM (ASTH D-.l^->-72a 
designation for . an ethylene-propylene die-* Easterner tervr ^-r). 
Also usable are high molecular weight polyisoc'-tylene, buty: ^bbers 
and halogenated butyl rubbers. 

Preferred ethylene elastomer cooolymr-; c ~;r v 
prise from 20 to 90 weight percent ethylene, r-r:< pre:: 
to 80 weight percent ethylene, -.d most preferably fr- 
weight percent ethylene and have a Kooney viscosity .:, 
127° C) bci.-v.rvn 25 fund 30. 



c on- 
r 55 



to 



'JO 



Q ? n 1 < ~ -: 



- 0 - 

1 E?CM is a terpolymer of ethylene, a higher a1pha~o:^r \ : such 

2 as propylene, and a nonconjugated diene. In such elc:."c.- .- . 

3 nonconjugated ciolefin may be straight chain, branched chr > :* 'ycV--: 

4 hydrocarbon diolefins having from 6 to 15 carbon a tens. 

5 Of the nonconjugated dienes typically us no 

5 copolymers, preferred are dicyc lopentadiene, V'-hcxr.-::.. - 

7 lene-2-.norbornene and 5-ethyl idene-2-norbornene; 5-c-V.!-.v ■ ; ^ -?-..- 

S norbornene (EN3) and 1 , 4-hexadi ene are particularly pre:"'2.-;--*-- ; 

S fins. EPGM elastomers and their method of manuf acture r.** \ •' 

10 to tnese skilled in the art. Oil extended EPOM elastomer-:; *r;/ , 

11 "us£d. Preferred EP DM elastomers contain from 30 to vC * ■• ■ . ..~-:'c 
32 ethylene and most preferably from 50 tc SO weight - ;: .v. uth;/; 
13 a;:d from 0.5 to 15 weight percent of the nonconjugated n. 

1- As mentioned above, the olefinic elastomer osiTul in this 
15 invention may also be a polyisobutylene," a copolymer -v- r isobutylene 
15 and isoprene (generally known as butyl rubber) or a .'v logenated co- 
17 polymer of isobutylene and isoprene (generally knevn * ;: h-Occenat*-:.; 
lo butyl rubber, such as chlorinated, brominated end ch'iorc'jrcr.i nritec 

butvl rubber) . Sutyl rubber is a vulcanizable rubber copolymer con- 

0 taining from 85 to 99*5 psreant combined isoolefin having fron - to £ 

21 carbon atoms and from 0.5 to 15 percent combined conjugated d^o lef: /: 

22 having from 4 to 3 carbon atoms. Such copolymers and their pr-p:^-- 

23 tion are well known, and generally the isoolefin is a co::. no h 
^ isobutyiene and the diolefin is a compound such as butac- *-~t 

<5 orene. Halocenated butyl rubbers are also well knew::: kv ; natsd 

2£ and brominated butyl rubber generally contains from 1,0 t/. \S v:icr.t 

27 percent bromine and from 0.05 to 0.5 weight percent ch'!cri; ; : 

-o Ethylene Copolymer Component: The ethylene- co^ ' 

2- include those of ethylene and alpha-clef ins havir.j / tc ic ar-i.i-- 
3^ atoms such as propylene or 1-butene. Also included ere cc-po nr 

ethylene with unsaturated esters of a lower carboxylic acH .:■:* • ;■• - iT * 

"-2 unsaturated carbcxylic acid. In particular, copolymers of : 

3"* with vinyl acetate (EVA) , or with acrylic acid (EAA), or s^hac:-/: " . 

^ acid (EMA) , are preferred. The ethylene copolymers to e.:..' v:' 

25 generally contain from 50 tc 99 weight percent etry ; . r..i< 
preferably from 60 to 95 weight percent ethylene. 
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?} r 1 j f e r r e 0 e-.h'^e."*? copo : ■: 
is -VA. The EVA may have ' 

J r-et. :»;.c-u: 5.i and 40ft* by wciohc, * ,; - h 

VA being preferred. 

7 A contends oele-*' "/ -•>'•• •--*• -v . 

; - . r '-:;:ibi i ity t^t orienr.ab i i i t y for pi,, vo .■: ■ 

J'ic -''A c n !; -j n £ 5 doove AO rx.y^'' ' * 

S balance of or i er: ta-D i 1 i ty and n;.-r. t r*.ck ': .*:':.-■■. 
'*? beLwee^ in a 3j v/t S. 

''v f'.-e "'jrrcd Melt Index (A5T. V ;-.;-- ".*••';, 7 ■ ' 

- : frcm ' t; 20, -vi t.h 2 to 10 being nx-rc proforriv . 
2 T he ethylene c o p o 1 ym e r <; omp o n c r, t n o r ■• 

*cti;wi temperatures of the teetering and _ : ---c : : *.- . 

it ions may be carried cut aL t*;~':;-- J . • 
-vT and below (preferably not xcre than G.o ; ' ^" -"V -ir:: 

"•-ri'^'po ioint of the ethylene copolymer comp .' ; / .'::-p 

preferably is at 11. IT of the orienting tvv . . \ . ~ . - \\ '. ' 
'iclting point of EVA ranges from arprc;djr^>r -'.v 
depending on the VA content and HI, with the p^rc-rrviJ ;*.;■-. 

20 crystalline melting points benveer. about 5-- u C :ir/i :'."C. -"-' r 

21 economics, orienting temperatures of 71 C C and below are pref^rrtt* 

22 Process Oil Component: Hydrocarbon oils useful in the 
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present invention function as process aids whose activity is enhanced 

24 in the presence of vinyl acetate copolymers, as plasticizers producing 

25 low modulus and enhanced elasticity in the solid state arc r:ze 
»- useful are the normally liquid hydrocarbon r-<; 2nd extender 
^ 7 oils (ASTtt D 2225} categorized as aromatic, h\gr.]y arom^;c r -oph- 
23 thenic and paraffinic process oils of a medium viscosity r-^e.- "ilr 
25 sold under the trademarks "Flexon" and "S^o^-' 1 have been found 
3G especially useful. 

31 Other Additives: The .composition may also induce z filler 

— -aterial, an antiblock agent, processing aids, stabilizers other 

33 conventional additives, 

34 FILM PREPARATION 

35 Res i n/3 lend Preparation: Preparation or compos 1 1 ' ?r. , '^ab's 
' 5 in this invention can be achieve-:- in several rMf fnrsrv: s'r-e 

various ccmp0n.2r.ts may be brought into intimat: 5 t?L~ •' • 
ample, "dry blending these msr^-^s and 
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composition through a compounding extruder. Al ternati v» '.y, 
ponents may be fed directly to a nixing device such as* a e.or- ; r.' " 
extruder, high shear continuous mixer, two roll mi!! cr . * 

mixer such as .3 Banbury mixer. The optional ingredie-" " : : . 
described can be added to the compos i t ion curing '.Mr, :ri-.:. . 
tion. Overall, the objective is to obtain a uniform d; sp-:.--- *' ■■ • 
ingredients and this is- readily achieved by inducing suff 
ar.d heat to cause the plastics compcnent(s) to .re It. Howov 
and temperature of mixing should be controlled as is norma -iy . 
one skilled in the art so as to avoid molecular weight degr;.:cf ' :>-.. 

Fi 1m Extrusion: Film from the resin compound may bn manufac- 
tured by conventional tubular extrusion, (blown bubbly ^roces*;} ::-r :. 
cast extrusion, with the latter being preferred, \r. t: : .:-xt- ■ 

sicn process, the molten resin is extruded^ from ar, eic:. ii • 
form of a web. The web is cast onto a chill roll*:r T -' / i " i £ ■-, 

the polymer, and finally wound into a roll. 

The extrusion temperatures, die temperatures, o:srj _ oh - : ~* : -o , ; 
temperatures will -depend on the composition employed., b : :': gereroi:/ 
will be in the following ranges for the compositions c; ; the pres^r:': 
ir.vention prepared by cast extrusion: 

Melt Temperature (°F) 350-450 rV; 

Die Temperature (°F) 350-450 C'C;- 

Chill Roll Temperature (*F) 70-130 (°C\ 2;.- 
Thr? process described above may also include a set cf -em:/;ssir-: 
to chill and form the film. 

Orientation: Orientation of the film may be c.^rrierf o<;L in 
the machine direction (MO) or the transverse direction (VU) or both 
directions (biaxial ly) using conventional equipment and p-oc^S-ve*;, 

For orientation in the MD, a polymeric fil::: a . . : r= ■_■ 
-e-Mperature (but below the crystalline melting point •':'*. 
= s passed from a feed roll of film around two rollers ■*- , v. . 
'■'irar>t surface? speeds and finally to a takeup ro ";'}<•£■ ' ■ '"^n 
roiser closest to the takeup roll is driven faster t;-; ;'u^ y :I 
roller closest to the feed roll, such .':.:t the fi:;.* i: : str :" 
ostween the driven rollers. The assembly may include a r^; irr ."i;-- 
nodiate the second roller and takoup roller to cool th? i 1 . 
•;c-:ofi'l ro)Ur .ukI the t. ^ !-: c i -» f > rolls'" he driven at the- <-••;•!-- 
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pherai speeds to the -In in ths st-et:-: ; 

su:o lemen-.ary ;oolir ; g is not used, the fi;m w"'- : . *• : 
temperature on the take up roll. 

The degree of stretch wi 1 1 expend u;;: '= tr- T •* : 
pheral speeds of the driven rollers and tr.--.- di:.:;:--- 
rollers. Stretch rates of 50 to 500 percont/n i nut- vi; 
tory for most MO orientation applications. 

Preferably, however, film orientation will c 
a tentering device to impart ID orientation to the v-lm. 7 
cast as described above or is unwound from a film ro:: 
gripped by the edges for processing through tho orient ;t 
The fTiiH is passed successively through a preheat v;o:< ? 
step at elevated temperatures (e.g. fra:. 37.7° '. n 
slightly below the crystalline melting point of t/v 
copolymer), an annealing step, and finally a ccoli.ng step, 
cooling may be considered part of the annealing st-:-p, for ■ 
it is described as a separate step herein.) The preheat, o 
and a portion of the annealing temperature is control 
elevated temperature but below the crystalline melting po 
poller. Although not essential, it is preferred that 
maintained on the film during the annealing and cooling st-eps to 
minimize shrinkback. Upon cooling to ambient temperature (i.e., rocm 
temperature) or near ambient, the holding force may be releasee. The 
film may contract somewhat (snapback) in the TO but will retain 
substantial portion of its stretched length. 

The tenter operating conditions can va--y within relatively 
wide ranges and will depend on the several var— --r'-ding film 
composition, film thickness, degree of orientate: 02sirc< sealing 
conditions, etc. The following is exemplary of a -rc:ess ;*r 5 * r e<:ch- 
ing 100 micron thick film (containing EVA), from G ■ cr. .-:irj i:o a 
final width of about 152 cm, using a tenter mer.uf.-tct'jrarf by 
Marshall and Williams Company of Providence, Rhode Island. 
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ESTIMATED FILM RANGE 
Broad P referred 



4 Preheat 100-160°F 37.7-7i°C 115-140°: 46-*0°: }?.5°: 

5 Stretchinc 100-160°: 37.7-7i°C II5-:40°F .;-5-*0*c 



100-150°: 37.7-7i°C 110-150°: 43-5C°C 120°" : . 
7 Cooiinc: Ambient Ambient .\r.bL<"-- 
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As indicated earlier, it is highly de si rati:, tc- an 



9 annealing step in the process. Annealing parti?.:!;' 
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internal stress in the stretched film and dimensional-/ 

11 film for stcrace. Ti has been four/.'. "tint by rcine:ili"f* 

12 tenserature of + 22. 2°C, preferably + 11.1°C of the o-i=- :- 

13 ture (but slightly below the crystalline melting pcin: ' t:« cthyle.no 

14 copolymer) eliminates undesirable shrinkage durinc- sto-.-ge. -The 

15 preferred annealing temperature is between 110°? and >20"». Tarn-r<- 

16 tures which result in excessive stress relieving should b* avowee, 

17 since substantial frozen in stresses and strains, should remain after 
IS the process is completed. 

19 Annealing can be accomplished by maintaining the film in : - ! ■ ? 

20 stretched condition at the annealing" temperature. . Preferably, fcw- 

21 ever, the annealing and cooling is carried out while permitting the 

22 film* to contract slightly, but still under stress. "is guide r d i1s of 

23 the tenter can be arranged in a converging manner ;:vcv:c : e t.n- an- 

24 nealing and cooling while the film contracts. The controlled shr-.nk- 
back of from 5 to 30%, preferably between 15 snd 2^, m™'* 
stretched width has given particularly good results in aliainst-.n? 

2? storage shrinkage. This annealing and preshrinking vo;;,o., 

2? the film stresses and strains so that shrinkage /IT 

2» storage temperature. However, the annealing an-j cc-i '-• 

3*J remove all the frozen in stress", and strain, sine. ■ ■ zr. tc 

21 elevated temperatures above storage temperature the 
i2 The degree of stretching may vary withir. 

33 ratios of 1.3:1 to 6:1 are possible with 2:1 to 4 

34 for TO tentering. The actual stretching will occur at h-'-;^r -.'•lies 

35 (1:5 to to allow f° r controlled shrinkage and sna pi- ■:.<.>: . 
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1 EX AMPLE S 

2 in order to demonstrate the effectives 2 cf ;h v 

3 invention, oarticu 1 arly in respect of imoroved shrink fore- or.- 

4 b]oc-<in S properties, a series of experiments were cor.dcctcr -:: 

5 performance of the f i In; of the present invent-Iy. with :~- 

6 prior art (U.S. Patent No. 4,303,571}. 

7 Film Samples : 

S Samples having the compositions listed ":.t . . 

9 prepared by blending the components in the veigh-. : 

10 indicated using a Sanbury mixer. Each composition V s sv ^••^^ 

11 5 ^ s ethylene acrylic acid copolymer and filler • : . ? -~"V' 

12 The rosin blend was cast extruded into 150 micron U?r-r?:-:. ; ->.-:c'. ' I'- 
ll us ing 7.6 c- extruder and 76.2 en. wide flat die. 

14 -yocerties of the Film: 

15 Each film sample was then tested for ori -:;>... -.io- ,V.r:: >.cc-; 
15 3t - op3r ties with an Ir.stron {Model 1122) In a temperature controlled 
17 :haab er. 2.5 an.. ide strips (cut in the TO) were taken fro* , ? .c>. 
IS sample, marked with lines -4 cm apart and then drawn to 9 err, at 10 

-19 cm/Qinute at an elevated temperature (60°C and 63°C). After oricn.:a- 

20 tion, each stretched film was quenched with water and removed fro* the 

21 T ns tron. Six film strips were drawn for each formulation and the v.es" 

22 run in random order in blocks of nine to eliminate systematic :,:<.': 

23 error. 

24 For each formulation, 6 strips rare heated in the oven for 

25 -hres minutes at 65. 5°C; three strips with a fixed weight and the other 

25 three strips freely suspended. The film strips were removed from ths 

27 oven, allowed to cool and then measured to determine the % recovery. 

23 The % recovery was calculated by the following f :-:-. : . - •. 

20 , n _ initial lenqth» -Final leng th*^ ■■ -r,; 

2- . Percent Recovery - j nkial lengtn » . ^"cm 

3 0 

3i * Initial stretched length (cm) after "srvv. ■■?.■-}: ~- . 

22 ** final length (cm) after full shrinkage r.i :5Uv :.n ever,. 

33 Table 11 presents tha results, ccmpaH. •• c >•.«•_• ->!vf_c 

34 ev erage for each formulation of tne ore-sent invention {Sir;-:*: A. 

35 end C) with .h.< three sample averse of each formuUtic. -r" :h* "ir 
35 ar t (Samples 0, t and F). 
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As revealed In Table II, the percent recovery 
strained conditions Samples A, 3 and C was higher than ih.zi c 
0, E, and F. Percent restrained recovery for the A, 3, C yr: 

averaged 35. 4S, whereas that of D, £ F group averag*-:; 2'... : .:*-. 

shrink force, which is the force required to ":eep " 

shrinking can be calculated from these data. A::. ./ . : 

the shrink force for Samples A, 8 and C was substa:;---; s ■ 

that for Samples 0, E, and F. Samples A and I exhibit --r^ci; 

improved shrink force. 

The higher shrink force of the Samples A, B a.?c Z f;?--\.v;ts u 
of a thinner gauge film at the same draw ratio as de/ncr-s , :.r£t.?: : by 
following experiments. 

Additional experiments were conducted to ■ ricr*-::. ■ 
.ace as 3 function of restraining force and shrinkage r>.:;---:;-ai'ur-., 
oriented films having the compositions or Sarrip-ss \ ) 
pared using a Marshall and Williams Tenter opera-: :r : i>~y 
conditions described in the Orientation section here:.'.". ~:.z'>- 
thus was processed as follows: 

Sample A Sample D 
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Initial Length 
Stretch Length 
Controlled Shrinkback 
Length 

Final Stabilized Length 
Film Gauge (Initial) 
Film Gauge (Final) 
Draw Ratio (Initial Film 
Gauge/Final Film Gauge) 



(22.5 inches )57.15cm(22. 5 inches}^ . i:xvr 
(65 inches )16Scm (C-5 ^—hes'; 



(60 Inches ) 152cm 
(50 inches )i27cii 
102 microns (avg) 
42 microns (avg) 

2.42 



50 



.Tons ;^vc) 



:.S1 



Strips (three for each test) of .each film $a:T-pl« w-j.-» 
subjected tc shrinkage in an evc-n at a '-.onVr'-Hsd te.-;;-?i-jv 
'-■•C V ""C cr 65.5°"} and at the follov/irr: r-vstrair.inr .rorcc:-: : G^-r,".; . 

z ? ---* P- Each scrip v;.:-s permitted to shrink f n r '.- - 

■inut^ri. T^bie III presents ths three-strip average for c..>-:!: 
'hese data demonstrate that the shrink : ress for the cc.npos*'. 
;he -resent invention was substantially higher than the corcpc: ; - \ 
prior arL. Moreover, the shrink force for Sanr : - s / :r 



I 




1 exhibited substantially higher shrink force thar. Vr.c : : :r.v"; >. 

2 even thcugh the latter strips were substantially !.M:kt:r : - = 

3 hence large?' cross sectional area) thin the for >k s^/i;;;. 

^ It is preferred that the Ihcr-aicplfist «i*t f^n: or. t. L .i 

3 present invention have a shrink stress of a; l-:- : :.>" r - ' :^ 

£ the orientation temperature, thereby prcvidi;^ ll . >.:■!.■.. . .r 

' its intended purpose. It" is also preferred the*: ':h« -"ore? , 2 t 

8 65.5°C be at least 5,000 g/cnf . 

^ It is interesting to note from the Tihlt d: * th? 

10 shrinkage is generally linear with respect to. the cjrpr^d T'^is 

H permits calculating the shrink force and shrink .-;!:r^ss. *.'r": 

12 shrink temperature of 65.5°C is hicher than the orientation t^pe^ture 
- :i and ' 1 :9°C is lower than that temperature. The \v\^\\zr it^-jrature 
Irt results in more shrinkage since more stresses ere r?*: 

Antiblock Properties 
The composition of the present invention exhv;i;:: >ccd 

cfifciblocking properties in comparison to films of *.:-•: ..:^o^;^''; of 

13 samples 0, E and F. 

" 1 r " Multi-layers of each film Sample A, B, C, D, E and F composi- 

2u ticns (150 micron thick unoriented) were stored for several weeks. 

21 The films were then manually separated and subjectively rated for 

22 blocking (i.e., resistance to unwinding), 

23 Sample Observed Blocking 

24 a No blocking 

25 s Slight tackiness 
25 c No blocking 

11 D Fully Blocked 

28 £ Partial Blocking 

25 ^ p Partial Blocking 

30 Antiblock property is important in unwinding the fVm during 

31 tentering or during unwinding the oriented, film of use. Sticking of 

32 the film is undesirable since It slows down the operation cr renr-rs 
JJ the process inoperable. 

3- THERMOPLASTIC ELASTOMER WITH COATING 

33 Another embodiment of the present invention is ci. ,c;.:;d 
specifically at solving blocking associated with thermoplastic elasto- 

^ mers, particularly those containing process oil and for high VA„ c--ny- 

33 lene vinyl acetate. These films are' tacky by nature and -.'"-ire 



n 



r~* r\ I — — r 

u c U : .5 ^ 
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1 antibiock agents such as particulate silica. The elastomer present i- 

2 these blends appears to prevent uniform distribution of p-;ri.:::* : 
2 antibiock in the resin with the result that the antiblod; ozzz ; ■'. 
A become uniformly distributed on the film surface. 

I In one aspect of this invention, a thin coating of .:n f;'l\. 

£ lene polymer or copolymer is provided on one or both sides of Ihe U 

thermoplastic elastomer .(core). The subsequent stretching c: ihe 

S farther reduces the thickness of the coating. The co-it v»r :-.;iic*:r:c:s 

? ratio (final/initial) is in proportion to the draw rrJ::-, y 

:he coating comprises conventional low density polyct:^-;?-:- 

•I having a high Melt Index (in excess of 3.0). Other ethy = e*K oj-.;-:;: 

'2 'and copolymers that may be used as the coating ipe* — • r : nc-.?.- 

13 density polyethylenes (LLDPE) , EVA, etc. These mater-;;.'., should ;.i.-e 

14 relatively high Melt Indices (in excess of 3.0, preferably 5.0-3G.C-) 

15 and should be capable of high draw down, making them suitable i:r 
15 ccextrusion with the base resin (core layer), and she:* Id possess ncn- 
I 7 tacky properties or be treatable to a nontacky ccrdit-c-. 

13 addition of antibiock). Coextrusion is the preferred coaMnc :~ethed. 

12 but extrusion coating may also be used. 

20 it is essential that the coating be sufficiently thin to 

21 avoid interference with the shrink and elastic properties of the 

22 thermoplastic elastomer but sufficiently thick to impart antibiock 

23 properties to the composite. This latter requirement means that the 

24 coating must be capable of carrying uniformly distributed therein 

25 particulate finely divided antibiock agent. 

26 As applied to the core or base resin, the coating will cc~- 

27 prise between 2 to 15, preferably 2 to 10 weight percent of the ccr;> 
23 posite and not more than 25 microns thick. Following the orients ;i ; 

29 the coating will be reduced to a thickness of not mere tit.-.- 7 z'cro-~ 

30 and as thin as possible. Preferred thickness after orie^t^n - - 

31 between 1 and 5 microns. 

32 The amount of antibiock in th'e coating may r^nc* frov. CO 
^3 5> o00 ppm, with 1,000 to 4,000 being preferred. The mating nzy 
-4 include slip agents such as erucamide and oleamide. 

35 T he coating may be applied to only one side of the bdsa r-.-. •:• 

35 but . -?ferab1y is applied to both sides. 
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1 It should be noted thet the * riven* ion comprisin- c^t-o 

2 embodiment is not restricted to the thermopl as t ic ela^o^ ce~:o?:- 

3 tion specified in the earlier description of the "Elastomer Cc^o^m" 

4 as the core (although these compositions are the most oref;rr^c, 

5 may instead contemplate the use of any thermoplastic elastomer -.sin 

6 composition. The preferred resin composition comprise; rr<" .•- 

7 wt X of the elastomer component, from 35 to 30 wt % or 

S nent, and from 2 to 25 wt % of the processing oi 1 . comer-.-: . 
g OPERATION 

10 In practice, the process of the present ..• : .~. "ay be 

U carried out using an in-line operation wherein th* e^ucer and 
1? orientation system (e.g., tenter) are arranged in i: — ' -.- \r ; 
13 film by casting or melt embossing followed by * orientate - 
I< Alternatively, these operations may be carried c : =: . *.tely. 
15 In a preferred embodiment, the com^our.c 

15 the three main ingredients along with the other 
17 duced into an extruder and extruded into a web from s fir: .-.o".-.- 
13 hanger type die and melt embossed through count-:- r-z^:^. : chi-1 
13 end embossing rolls. The film thickness may vary "rem 50 t:: AGO 
2: microns before orientation end from 10 to 2 CO microns ?.rter 
21 orientation. Preferably the film will have a final stabilized tnic:<- 

ness of between 10 and 100 microns after orientation .^ne:^ i:-:; . 
2". The film is wound on- a take up roll and transfer-.--:' 
■-' ea-'oment or processed in line with the tenter. 

The edges of the film are griped in the L::-- . 

a=v passed successively through (a) a -reheat stage, (b) ^ 
. • s t,v-e wherein the film is stretched laterally at an eleva^d ^ • 

t;;^ ; (c) an annealing stage ana, finally, (d) a cooling stag/ wn;;-: 

tr.. s stretched film is cooled to near a-cient temoe:-ti;rc . — ' 
■ reding force is reload, the ^ lm s~a ? s 'V;-~ 

- :i:V5. most cv its stretched length. ^his 1'Hm ;/ <wr.t} 

r;.i:l, ready for transport or use, 
23 "he dimensional ly ^labli my te i-o;::-.; 

substrate snd heated causing it to s^.^nk. Shrink -., cyr- : . 
25 few degrees above storage temperature, reaching "^im-r - 
36 ' temoerature above the orientation temperature. 
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In the embodiment for the coating of a thermoplastic o'^-.. 
-,er, the operation may be the same as above except that in ;-:'tr«r3- 
of the resin to form the film, a coextrusion die may be used to app 
the thin coating on one or both sides of the thermoplastic elasio-r 
core. 

In either embodiment, the film produced has excelles... 
force properties and good antiblock properties. 
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;U, crir : *,tei fiirc ha vine a cleno c;np~.* "Li--". 
C to - :•■•*<■- percent or ar o:-j:";r:ic * iu-io::;cr r 

" vf •-. normally i ;auic process ;*.'«], ai-o . r 



i ihcrmcpVistic *thy::-c cop" 1 — 



• \y.--\t\C in draw rctio -f : 
■ ' ' >t-.b«r- t thermally unsial-^ in :^ 

• -iiui ; ;ontr^ct ibu: Lj a ther-iioHy stable .::vj e^; ! 

2, A mIh; as defined in cla'li?. 1 wherein ';::e 
«;:'»;.- kne copolymer <s EVA, EAA or EM'. 

i--:as been stretch oriented in tne transverse 
cs^erature not less than 37°C acd noC more than G,G r T: V 
crystalline melting point of the copol>iner and p«rtia"' :y Lr^eal-d i 
stressed condition. 



3, A film as defined in claim 3 wherein the blenii c>7.c; ra- 
tion comprises from 15 to 30 weight percent of 'EPM or IFTX as 
cle.:i;;ic elastcrrer, from 60 to 80 weight percent of EVA havir.o 
a virv/! acetate content of 9 to 40 weight percent, and from 2 to V? 
wc-icht percent of a normally liquid 

aromatic, naphthenic .or paraffinic process oil. 

4. A film as defined in claim 2 wherein the composition 
co-,;'-;$-h from 20 to 30 weight percent of the olefinic elastomer, frc.- 
6 ;'" Vc 75 r-U;h- percent of the £ vA. and from 4 to 3 weight percent c 



~ r oc-*ss ir.g c: 1 * 



'iln as .->.\C:;»=o 1:1 ar,y of claims 1 to ■! , wherein the film has been 
^ oriented in the transverse direction at a -draw ratio cf 
? 1 to 4:1. 
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6. A iilx as defined in any of c lairs 1 to 5, where ir, 
shrink stress of at least 5,000 a/crn 2 at the stretc 
temperature. 



A composite comprising 

(a) a first layer comprising the film cl- 
ef claiTO 1 to 6; and 

(b) a second layer of stretch oriented f 
said first layer and comprising a p 
polymer of ethylene having a Melt I no 
3.0, said second layer being no ?; 
microns in the stretched cendv;. 
from 2 to 15 weight percent of the c" 



S. A composite as defined in claim .< 

layer is coextruded with said first layer. 

9. A ccreosite.as defined in claiir, 7 or clDl:r. S, vvr.f.vci.::- 
the second layer comprises LDP£ having a Melt [ndc: 

30. 



10, a composite as -defined in claim 9 * = h:--' 

layer of LOPE is coextruded onto each .side of said firs""- 



An oriented composite comprising 

(a) a layer of a thermoplastic elastomer 
' ing from 2 to 25 wt % of a process oi 

(b) a coating of a polymer or copoly.-v: 
coextruded with Said first layer and 
Index of between 5 and 30, said cost 
than 7 microns thick in the orient 
containing fr.?m 500 to 5,000 ppm of 
entiblock aoent. 



-■ a mc-cess for ?r^~:ir ; .~z -2 hea: shri.V«;aOi: . - 

" - i s ; r 

(2; ?-.v:-'jdir:<; ^ hsclte-i blend cc^pris:-*: 

(!) frc^ 10 to -0 vai.-.-iC ;erc-:nt of :::: " 
(ii) not .7.0 »*e than :G veic-ht cere: ■-' 
carbon oil; and 
{:ii) frora 50 to od -eicht l- -* ■ 
plastic copolymer of ethylene; 

(b) stretch orienting the fil~ in :ho ' r 0 - • 
times its original length at a t:7.p::r-2t -net • 
than ?7°C ar:d nor rrore thnr, 5.o J C c-j'Lc-v v.: 
crystalline nesting psint of . - 
copolymer; 

(c) partially annealing the stretched :ih:\ 

(d) cooling the fin while cointcin-rr . . : 
film. 

12 ; a process as defined in claim 12 wherein the ethylene 

co?c-1;-sr is EVA, EAA, or EMk. 



14. /• process as defined in clai:7i 13 wherein the annealing 
step is carried out under stress and at a temperature between 

+ 11.1°C of the orienting teraeratr.re. 

15. A process as defined in claim v-hereu: , ; • - ; 
and cooling steps are carried out in part cy permitting the 

shrink in the ID by no more than ^C;- of the total stretch distanco. 

16. A prroess define:! in ?ny of claims :2 to 15 herein the sr. retch 
orientation stretches the film by frxxr. 2 to 4 tirr.es its original 
lonqth in ths TO. 



( 

\ 
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U % A process for preparing a he-it s!ir inka. 1 ■ 

comprises 

(a) stretch orienting a film having a thick;).?:.:' ?f :y 
50 and 400 microns and a composition ?f 

(i) frcn 15 to 30 weight percent, cf .:p :r 
elastomer; 

(ii) from -60 to 80 weight percent of an ot.hy "i ■ '• .*1 
acetate copolymer (EVA) having a yiny" 1 v _ 
content of about 15 to 55 wc-ig.ht 

(iii) from 2 to 10 weight percent of e norma'! "i;- * ^ o -_■ i d 

hydrocarbon process oil 
by drawing the film in the transverse ~. '-" 

to 9 times its original length at ?. ■•■ -* f-:— 

37°C to below the crystalline me-lting of V ' 

(b) partially annealing the film at an arm^inc ..v..- 
of 22.2°C of the stretch temperature but loss 

crystalline melting point of the EVA whi'-'c r;;.:ifitainin:; a 
stress on the film; and 

(c) cooling the film to ambient temperature *hiie maintain- 
ing a stress on the film during at leas'; a portion cf 
the step. 



A process for rneinu^icluriiio i 
composite having improved antiblock proper : .:ies whuft r.^v 

(a) preparing a rinn of f:-on= 50 tc- ^00 imc;c;-; 

ness from a thermop lastic elastomer resin •-•:■-.*■:. 

tion comprising o.n elasto^r, a thenr.^p : ■ . 

polyolefin and a pror. ing oil; 



(b) extruding with said then^l ^tic c-: 
* layer of a- a:hylene pol>-r-.- or ccl:'. 1 " 
a cor.-posite, said ooiy^er .*.. r..;i>c~- ; ■ •• ' 
MOt Index of at Is-isf. 3.0, "d const : ,:.<t 
t-: 15 v/t of t.ie ::o"po3it:- ~'-i '* 
t r» a r. 2f> microti?; 

( c ; stretch c r i e nl i n c *.r. c c~?c- s * ~ - - 

no*, less than C;7 L fc ;Vid not fr: e:\za-r t:::r . . 
the crystalline melting point of 
by a draw ratio cf frcr. 1-5:1 -.r,.-' 
the layer thickness is no greater 
and 

(d) cooling the stretched co".posite 

sionally stable elastomeric cor;-;, 
composite being heat ihrinkab"--. 
above the cooling temperatures. 



A composite comprising 

(a) a layer of flexible substantially inelas 
material ; 

(b) a layer of film as defined in a_ny of clainr: \ z 
secured to the layer of flexible stibr,z:^~~' 

material whereoy application of heat cc-:;L.-.vv:- V 
the film and the layar cf flexible, subst*:^? 
inelastic materia 1 . 

crocess fcr preparing an elasticized compos 
cir.LTi ses 

•a) stretch orienting a film having a thickness 
from 50 and 400 microns and a composition of 
(i) from 15 to 30 weight percent of an EPM or .. 
elastomer; 



(ii) from 60 to SO weight percent ?v - 
vinyl acetate copolymer [V'.' "* r ." 
acetate content of frcr. f 
cent; and 

(iii) from 2 to 10 wai^t ;:er---.:;t " 
liquid hydrocarbon process oil; 
by drawing the film in the iv-n^^r: :".;:c;.:. 
from 1.5 to 9 times its or->in-:l v;Lh v: 
temperature not less than 37"" v.i o.£l;-v 
crystalline melting point of J ; s -- v ' 7 ' * 

(b) annealing the film at an annealing terx'-rat-jre o 

1 11.1 C of the orientation " :: ' ,s 
maintaining a stress on the film; 

(c) cooling the film to room temperature; 

(d) securing a strip of the film to a layer cf fl-2;:i 
ble, substantially inelastic material at longitudi 
nally spaced locations along the film to form 
composite; 

(e) heating the composite to a temperature in excess o 
37°C to within 11.1°C of the orienting temoerauu 
whereby the film and the layer of fle-ib 7 ? 
substantially inelastic material contract to * 
elastic heat stable condition. 

21. The process cf claim 1? wherein the orienti'-.- .r: 
-id anneal :ng temperature are between 37°C and 71°r, 

2?. The film of claim 3 wherein the EVA has a VA cor.". . 
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